Premature Thelarche: Clinical and Laboratorial
Assessment by Immunochemiluminescent Assay

In order to establish cut-off limits and to distinguish isolated premature
thelarche (IPT) from precocious puberty (PP), we evaluated data from 79 girls
with premature thelarche, comparing basal and stimulated LH and FSH serum
concentrations with those from 91 healthy girls. A GnRH stimulation test was
performed in 10 normal girls and in 42 with premature thelarche. Comparison
among groups was performed by Kruskal-Wallis and Dunn’s tests. LH values
were significantly greater in girls with IPT than in control groups. Basal gonadotropin concentrations were higher in patients with PP than in controls, but
not different from patients with IPT. Peak LH levels after GnRH stimulation distinguished those two groups, with a cut-off value of 4.0 IU/L, but still with minimal overlap. In conclusion, a girl with premature thelarche and LH peak value
above 4.5 IU/L has, indeed, PP, but values between 3.5 and 4.5 IU/L point to
careful follow-up. (Arq Bras Endocrinol Metab 2008;52/1:93-100)
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RESUMO
Telarca precoce: avaliação clínica e laboratorial pelo método imunoquimioluminescente.
Com o objetivo de estabelecer o valor de corte e distinguir telarca precoce
isolada (TPI) de puberdade precoce (PP), avaliamos 79 meninas com telarca
precoce, comparando as dosagens basais e pós-estímulo de LH e FSH com
grupo-controle. O teste de estímulo com GnRH foi realizado em 10 meninas
normais e em 42 com telarca precoce. Os testes de Kruskal-Wallis and Dunn
foram usados na comparação dos grupos. Os níveis de LH foram significativamente mais elevados no grupo com TPI, quando comparados com controles.
As gonadotrofinas basais foram mais elevadas naquelas com PP que nos controles, mas não diferiram do grupo com TPI. O pico de LH após GnRH distinguiu estes dois grupos, com valor de corte de 4,0 UI/L, apesar de pequena
sobreposição. Concluímos que uma menina com telarca precoce e LH pós-estímulo acima de 4,5 UI/L apresenta PP, mas valores entre 3,5 e 4,5 UI/L requerem seguimento cuidadoso. (Arq Bras Endocrinol Metab 2008;52/1:93-100)
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ABSTRACT
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INTRODUCTION

P

REMATURE THELARCHE (PT) is a clinical condition characterized by isolated
breast development in girls before 8 years of age. In the absence of other
clinical signs of sexual maturation, it has been considered as a variant of normal development, and it is more prevalent during the first two years of life
when the hypothalamic-pituitary-gonadal (HPG) axis has not been suppressed yet (1-3).
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The pathophysiological mechanisms that cause PT
are unknown and have been hypothesized to result
from 1) increased breast sensitivity to estrogen (4,5);
2) increased estradiol (E2) levels (6); 3) transient estrogen secretion by follicular ovarian cysts (4); 4) increased
estrogen production from adrenal precursors (7); 5)
increased dietary estrogen (8); 6) transient partial activation of the HPG axis with predominant FSH secretion (5,9-12); 7) increased serum SHBG which could
modify the ratio of bioavailable testosterone to estrogen, producing a relative increment in free E2 (13).
Thus, it is possible that more than one of these proposed mechanisms is involved in the pathophysiology
of isolated premature thelarche (IPT). New methodologies applied to commercial LH and FSH assays improved the differential diagnosis between IPT and
gonadotropin-dependent precocious puberty (GDPP)
or even between variants of precocious sexual maturation in girls that have some of the clinical features of PT
and yet some of the features of GDPP (12,14-16).
The aim of this study is to establish cut-off limits
and to distinguish IPT from precocious puberty (PP).
We evaluated 79 girls comparing basal and stimulated
LH and FSH serum concentrations and E2 levels with a
normal control group seen at the Endocrine Pediatric
Unit between 1996 and 2005.

SUBJECTS AND METHODS
Subjects
The research protocol was approved by the Ethics
Committee of the Faculdade de Medicina da Universidade Federal do Triângulo Mineiro, Uberaba, (Brazil).
Written consent to participate in this study was obtained from the subjects in the healthy control group
and their parents.
We compared, retrospectively, data from 79 records
of girls presenting PT with 91 healthy pre-pubertal girls.
Patients were distributed into two groups (Figure 1):
a) Isolated premature thelarche (IPT) – 58 girls with
breast enlargement and absence of other signs of
pubertal development were divided into two subgroups according to the age at onset of thelarche:
40 girls ages 0.9-2.9 yr (IPT1) and 18 girls between
3 and 8 years of age (IPT2).
b) Precocious puberty (PP) – 21 girls with PT were selected and divided into two subgroups according to
the time of activation of HPG axis: 9 girls ages
1.5-7.7 yr initially presented HPG axis inactivated
(phase I-PP1,), but during the follow-up they developed pubarche, acceleration of growth velocity, and
a second GnRH test disclosed an active HPG axis

Premature thelarche
(PT)
79 cases
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Isolated premature
thelarche (IPT)
58 case

Precocious puberty
(PP)
21 cases

IPT1

IPT2

40 cases
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< 3 yr

3-8 yr

Phase I - PP1
9 cases
HPG axis active
at diagnosis

PP2
12 cases
HPG axis active

Phase II - PP1
HPG active in
the follow up
Figure 1. Distribution of 79 girls with premature thelarche according to their clinical outcome and diagnosis
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The control group included children without abnormalities of pubertal development and consisted of
three subgroups: 1) C1: 25 girls under 3 years of age
(0.11-2.3yr) that had basal LH, FSH and E2 values determined to be compared with IPT1; 2) C2: 56 girls older than 3 years (3.1-10.6 yr) that had also LH, FSH and
E2 basal values determined to be compared with the
same variables from the other groups; 3) C3: 10 girls
ages 4.5-9.9yr that were submitted to GnRH test and
had stimulated values of LH and FSH determined.
Study Protocol
Despite being a retrospective study, children were cared
for according to an assumed routine protocol. After a
thorough history and physical examination, height and
weight Z-score were calculated and plotted on charts
appropriate for Brazilian children (17). The degree of
breast development was assessed according to the stages given by Marshall & Tanner (18). Bone age was determined according to the method of Greulich & Pyle
(19). Concentrations of LH, FSH, E2, TSH and EHCG
were determined and children older than 3 years routinely underwent a GnRH stimulation test. Ovarian
and uterine ultrasonography to rule out pelvic conditions was performed in all children. After clinical and
laboratorial confirmation of PT, children were reexamined every three-four months and GnRH test was repeated if signs of sexual maturity were found. Computerized
tomography scan or magnetic resonance imaging of the
brain and pituitary gland was performed in all girls who
had progression to GDPP.

with the WHO Second International Standard human
pituitary LH 80/552 and WHO Second International
Standard FSH 78/549. The working range of the assays
was established by the precision profile, which is a plot of
intra-assay variation vs. concentration in the sample. The
working range was defined as the interval in which the
intra-assay variation was d 8% and varied from 0.1-200
IU/L for LH, from 0.1-170 IU/L for FSH and ranged
from 20-2000 pg/mL to E2. In such case, the minimal
detectable concentration (MDC) was set at 0.1 IU/L
for LH, 0.1 IU/L for FSH and 20 pg/mL for E2. The
inter-assay variation was lower than 10%.
A GnRH stimulation test was performed in 10 girls
from the control group C3 and in 42 girls with PT. In
each test, 100Pg of GnRH (Relisorm, Serono, México) were administered iv at time zero, and blood samples were drawn 15 min before, and 0, 15, 30, 45 and
60 min after GnRH infusion for serum LH and FSH
measurements. The cut-off for peak LH value indicating active HPG axis had been that determined by Brito
e cols. (14), until we set up our own control values
when a peak LH value of 4.0 IU/L was assumed as
pubertal response to GnRH, as well as basal LH value
of 0.2 IU/L (23).
Statistical analysis
All data were expressed as median and range. The comparison among the several groups of normal subjects
and PT was performed using nonparametric tests
(Kruskal-Wallis, followed by multiple comparison procedures according to Dunn´s method), as our variables
did not have a normal distribution. Differences were
considered significant if p<0.05. For the purposes of
statistical analysis, values falling below the MDC for
each hormone were taken as the MDC.
RESULTS

Gonadotropins
Serum concentrations of LH, FSH, TSH and EHCG
were determined by commercial, solid phase two-site
immunochemiluminometric assay based on direct sandwich technique (20-22). E2 was determined by competitive immunochemiluminescent enzyme assay. The
assays were routinely performed by a semi-automated
Immulite System, and commercial kits obtained from
DPC (Diagnostic Products Corporation, LA, USA)
were used. The control group assays were standardized
Arq Bras Endrocrinol Metab 2008;52/1

Clinical data from girls with PT and normal controls
are represented in table 1. Significant differences
were not found (p>0.05) in age at diagnosis, height
z-score, weight z-score, BMI and bone age between
IPT1 and C1; IPT2, PP1, PP2 and C2; and between the
groups IPT2, PP1 and PP2. The values of basal gonadotropins and E2 of all groups are represented in
table 2. Significant variables were designated with alphabetic letters.
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and was considered as phase II-PP1 group. The
remaining 12 girls, ages 6.7-7.9 yr, were suspected to have precocious puberty by clinical signs,
and GnRH stimulation test indicated an active
HPG axis (PP2).
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Table 1. Clinical data from patients with premature thelarche and healthy control groups
Age at diagnosis
(years-months)

Age at beginning
(years-months)

Height
Z-score

Weight
Z-score

Bone age
(years)

40

1.6
(0.9 – 2.9)

0.6
(0.2 – 2.4)

-0.13
(-2.6/+2.2)

-0.20
(-2.0/+0.7)

2.0
(1.0 – 3.6)

IPT2

18

6.6
(4.11 – 7.5)

6.2
(4.5 – 7.0)

+0.20
(-2.2/+2.6)

-0.24
(-1.5/+2.0)

6.9
(3.0 – 8.9)

Phase I-PP1

9

6.0
(1.5 – 7.7)

5.9
(1.5 – 7.5)

+0.05
(-1.2/+1.7)

-0.01
(-0.5/+2.9)

6.9
(2.0 – 12.0)

Phase II-PP1

9

7.11
(4.0 – 8.0)

_

+0.5
(-0.3/+1.7)

+0.09
(-0.5/+2.9)

8.0
(4.0 – 13.0)

PP2

12

7.6
(6.7 – 7.9)

7.0
(6.2 – 7.7)

+0.4
(-0.6/+3.0)

+0.7
(-0.8/+3.3)

8.9
(6.9 – 12.0)

C1

25

1.1
(0.11 – 2.3)

_

-0.6
(-1.8/+1.6)

-0.4
(-1.7/+1.0)

_

C2

56

6.6
(3.1 – 10.6)

_

-0.1
(-1.2/+1.3)

-0.3
(-1.3/+1.3)

_

C3

10

6.6
(4.5 – 9.9)

_

-0.2
(-0.8/+1.0)

-0.5
(-1.3/+1.1)

_

Groups

n

IPT1

p > 0.05 = IPT1 x C1; IPT2, PP1, PP2 x C2; IPT2 x PP1 and PP2

The LH values were significantly increased (p<0.05)
in group IPT1 in relation to C1 (0.7 vs. 0.1 IU/L) and
the same was found in groups IPT2, phase I-PP1 when
compared to control group C2. Basal LH values in

groups phase II-PP1 and PP2 were significantly higher
than in C2 (p<0.05). FSH serum concentrations were
significantly increased in groups phase II-PP1 and PP2
compared with control group C2 (2.8 and 2.5 vs. 0.7

Table 2. Basal serum concentrations of LH, FSH and E2 in girls with premature thelarche and in healthy control
groups 1 and 2
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Groups

LH IU/L
a

FSH IU/L

E2 pg/mL

C1

0.1
(<0.1 – 0.1)

2.1
(<0.1 – 10.0)

103.2
(73.4 – 147.2)

C2

0.1 b,c
(<0.1 – 0.7)

0.7 d
(<0.1 – 4.2)

79.7
(73.4 – 120.8)

IPT1

0.7 a
(0.1 – 5.2)

2.4
(1.0 – 12.0)

73.4
(25.7 – 183.6)

IPT2

0.7 b
(0.3 – 0.7)

1.1
(0.2 – 3.5)

78.2 e
(60.2 – 128.1)

Phase I-PP1

0.7 c
(0.01 – 1.3)

1.6
(0.2 – 3.4)

66.0 e
(13.2 – 73.4)

Phase II-PP2

3.8 c
(0.7 – 11.0)

2.8 d
(0.6 – 14.0)

99.2
(73.4 – 220.3)

PP2

0.7 c
(0.08 – 4.1)

2.5 d
(1.8 – 4.4)

74.5
(33.0 – 216.6)

a, b, c, d, e = p<0.05
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DISCUSSION

IU/L respectively), but differences were not found between IPT1 and C1 (2.4 vs. 2.1 IU/L) and IPT2 vs. C2
(1.1 vs. 0.7 IU/L) or between the groups of patients.
Considering E2serum concentrations, there were
no significant differences between the groups, except
for a decreased value in phase1-PP1 compared with
IPT2 (p<0.05) [18.0 pg/ml (3.6-20.0) vs. 21.3 pg/ml
(16.4-34.9)].
GnRH-stimulated gonadotropin levels of PT
groups, as well as of the control group C3, are represented in table 3. No significant differences were found
in peak (or delta) LH levels between IPT2 and C3 (2.8
vs. 2.2 IU/L) or phase I-PP1 and C3 (2.7 vs. 2.2 IU/L)
(p<0.05), but peak (or delta) LH levels of phase II-PP1
and PP2 were significantly increased compared with
control group C3 (26.0 and 7.5 vs. 2.2 IU/L) (p<0.05).
Ovarian and uterine volumes were within the expected values for age.
For girls under 3 years (IPT1 group) a long-term
follow-up was performed in 20 (50%); 14 girls were
treated with medroxiprogesterone acetate, with regression of the breast enlargement; 4 girls had spontaneous
and complete regression of the thelarche. In the IPT2
group, no treatment was proposed to reduce the breast
enlargement and there were 3 cases of spontaneous regression. Girls whose diagnosis was PP, performed CT
or MRI, but no hypothalamic or pituitary disorder was
found, and the PP was considered idiopathic. These girls
were treated with leuprolide acetate, 3.75 mg/month.

The present study, as well as several previous reports
(1-5), indicates that variants of PT occur on a spectrum
towards complete precocious puberty. In the differential diagnosis between these conditions, new gonadotropin assays with better sensitivity and specificity are
particularly useful in guiding who needs treatment and
the precise moment to begin therapy.
According to the literature, the majority of our subjects (73.4%), in fact, had IPT, therefore idiopathic or
normal variant and in 40 of them (50.6%), thelarche was
identified in the first 3 years of life (IPT1 group), whereas the remainder 18 girls were 6.6 yr (4.11–7.5 yr).
However, 21 girls (26.6%) progressed to idiopathic
GDPP from three months to four years after thelarche
was identified, and in 12 of them (PP2 group), serum
concentrations of LH stimulated by GnRH indicated,
from the beginning, that PT was due to PP, before pubarche became apparent, and driven treatment promptly
to GnRH analogue. Instead, in 9 girls, only follow-up
and new GnRH test disclosed the PP diagnosis.
There were no significant differences in clinical and
axiological characteristics between the groups and none
of them proved to be useful in predicting a PP progression, although individually, increased growth velocity,
as well as bone age, were relevant indicators pointing to
review of the diagnosis and to a new GnRH stimulation
test (phase I to II-PP1).

Table 3. LH and FSH serum concentrations after acute stimulation by GnRH (100 µg iv.) in patients with isolated premature
thelarche (IPT2), in patients that developed precocious puberty during follow-up (PP1), in patients with precocious puberty
since the diagnosis (PP2) and in a healthy control group
LH IU/L
Peak
f

FSH IU/L
Delta
g

Peak

Delta

C3

2.2
(0.2 – 3.3)

2.1
(0.1 – 3.2)

9.1
(1.3 – 23.7)

8.4
(0.0 – 21.6)

IPT2

2.8
(1.0 – 4.1)

2.1
(0.3 – 3.4)

11.7
(6.0 – 44.0)

9.7
(5.6 – 43.4)

Phase I-PP1

2.7
(0.9 – 4.5)

1.8
(0.2 – 4.0)

13.4
(5.2 – 20.0)

11.5
(3.9 – 18.5)

Phase II-PP2

26.0 f
(8.6 – 48.0)

21.5 g
(7.9 – 44.2)

18.8
(6.0 – 56.0)

11.6
(5.0 – 42.0)

PP2

7.5 f
(5.0 – 47.2)

7.05 g
(3.3 – 43.1)

9.5
(5.8 – 33.9)

5.9
(3.4 – 31.2)
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Groups

f,g = p<0.05.
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Premature thelarche progressing to idiopathic
GDPP was reported by Pasquino e cols. (9) and Verrotti e cols. (24). Stanhope & Brooke (16) named the
situation as “thelarche variant” of precocious sexual
maturation and Garibaldi e cols. (12) refer to the same
as "exaggerated thelarche" . Regarding this subject, we
identified two patterns: 1) a subgroup with suppressed
HPG axis when challenged by iv GnRH that became
liberated during follow-up (PP1); 2) a subgroup with
stimulated LH by GnRH clearly indicating activated
HPG axis and, in this case, PP was easily recognized,
even though bone age advancement was not relevant or
height Z-score was not very positive.
Based on Herman-Giddens e cols. (25), who evaluated 17,077 American girls between 3 and 12 years of
age and recommended lowering the normal age of puberty to 7 years in white girls and to 6 in black ones,
someone could argue that, in our study, girls between 7
and 8 years that were diagnosed as PP in fact had normal
puberty. So far, we have no information about similar
guidelines applicable to Brazilian children. Even for
American children these new limits have been disputed
by Midyett e cols. (3). They stated “signs of puberty in
6-8 years old girls should not be considered normal or
benign. Implementation of new guidelines for the evaluation of puberty will result in failure to identify conditions that respond to early intervention”.
Despite this study is retrospective in nature, by employing a highly sensitive and specific ICMA assay,, we
had the opportunity to compare hormonal data from
PT children with normative data previously published
(23). Up to 1995, we employed AutoDelphia fluorometric assays and determined our own cut-off limits of
gonadotropins used to distinguish normal pre-pubertal
children from pubertal or GDPP children (14). However, towards 1996, when ICMA assays became available in our laboratory, it was evident that LH peaks of
6.9 IU/L and 9.6 IU/L, for girls and boys respectively,
determined by IFMA, do not fit for ICMA assay. Thus
we analyzed another normal pre-pubertal and pubertal
population in different stages of puberty (I-V).
Cut-off values of the LH peak indicating maturity
of HPG axis were 3.3 IU/L for girls and 4.1 IU/L for
boys, and basal LH levels above 0.2 IU/L were consistent with puberty. However, significant overlap in basal
(53.8%) and stimulated (17.6%) LH values were found
indicating that laboratorial measurements must always
be analyzed according to clinical context (23).
98

Considering basal LH values, the comparison between normal population and girls with PT resulted in
an unexpected finding. Despite overlap, basal LH levels
in IPT1, IPT2 and phaseI-PP1 groups were significantly
increased, expressing a greater secretion of LH in children with PT than in normal ones. The same was not
observed concerning FSH, and differences between
these three groups and healthy control groups were not
found.
As expected, basal LH and FSH serum concentrations were significantly increased in girls that had PT as
the first sign of GDPP (PP2) or after PP development in
follow-up (phase II-PP1).
Stanhope e cols. (10), Pescovitz e cols. (11), Stanhope & Brooke (16) and Garibaldi e cols. (12), by
studying gonadotropin profile of girls with IPT, observed a secretion pattern characterized by predominance of pulsatile release of FSH over LH, suggesting
that this FSH secretion could induce the development
of single or small numbers of follicular cysts early in the
ovary, resulting in E2 production and consequently
breast enlargement. The first three authors cited above
employed radioimmunoassay and their findings were
not compared with a healthy control group. Secretion
of FSH and LH during pre-pubertal period has that
reported pattern and it is considered physiological, so,
this finding cannot be accounted as a mechanism to
explain PT.
Stimulated serum concentrations of LH and FSH
by GnRH test in IPT1, IPT2 and phase I-PP1 groups
were not different from control group C3 showing the
classical pre-pubertal pattern i.e., suppressed LH and
liberated FSH. Therefore, in the IPT, LH suppression
is a working mechanism, but increased basal levels suggest that the set point of this inhibition is more elevated. Such finding could explain breast enlargement in
cases of raised E2; however, E2 MDC of our control
group was 29 pg/mL, so ICMA assay as well as the
other methods are not sensitive enough to study E2 levels in pre-pubertal concentrations (23). Klein e cols.
(6) using an ultrasensitive recombinant cell bioassay
detected higher E2 levels in 20 girls with PT than in
control girls, a finding consistent with the hypothesis
that the mechanism of PT involves increased E2 levels
rather than increased sensitivity of breast tissue to normal E2. In addition, increased LH basal levels could
account for ovary micro-cysts reported in PT (26,27).
As expected, LH and FSH basal concentrations
were significantly higher in patients that progress to PP
Arq Bras Endrocrinol Metab 2008;52/1
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(phase II-PP1 and PP2) than in control groups, keeping
above basal cut-off limit of 0.2 IU/L in 71% of them
(15/21), but they were not different from patients of
IPT1, IPT2 and phase I-PP1 groups. On the other hand,
peak LH levels after GnRH stimulation allowed the
distinction between PT and PP. These findings still
point to the usefulness of performing GnRH test as a
diagnostic resource.
Iughetti e cols. (28) compared basal and stimulated
LH and FSH obtained by RIA, IFMA, and ICMA and
concluded that the LH peak is the gold standard to differentiate PT and PP. Neely e cols. (22), using ICMA,
considered that LH peak level greater than 5.0 IU/L
and 8.0 IU/L in girls and boys, respectively, is indicative of maturity of the HPG axis. Maybe such limits
result in a lesser overlap, but our data suggest that these
limits in the ICMA assays are still smaller. In the present study, we had one patient with IPT and LH peak
level of 4.1 IU/L ('=3.4) and up to this moment there
was no progression to PP, but in a group where at first
the girls seemed to have IPT that was shown to be PP
(phase I-PP1) over follow-up, we had a patient with an
initial LH peak level of 4.5 IU/L ('=4.0). Based on
these findings, we believe that cut-off value for LH
peak must be around 4.5 and 5.0 IU/L, but values
between 3.5 and 4.5 IU/L point to a careful clinical
correlation and follow-up because it is a borderline response to GnRH stimulation test.
In brief, this study reports basal and GnRH stimulated levels of LH, FSH and E2 measured by ICMA in
girls with PT analyzed against matched control groups.
Our results demonstrated that basal values of LH are
increased in girls with IPT and the usefulness of GnRH
stimulation test in differential diagnosis of IPT and PP.
LH peak values greater than 4.5 IU/L are indicative of
maturity of HPG axis and values between 3.5 and 4.5
IU/L should be analyzed with caution.
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